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In this issue of Immunity, Soudja et al. (2012) demonstrate that non-antigen-specific stimulation evoked
by a variety of pathogens plays an important role in the innate acquisition of effector function by memory
CD8+ T cells.One of the hallmarks of adaptive immunity
is the specificity and enhanced respon-
siveness with which antigen-experienced
or ‘‘memory’’ CD8+ T cells engage previ-
ously encountered pathogens. However,
some reports indicate that memory
CD8+ T cells might also respond to
nonspecific stimuli in a manner more typi-
cally associated with the innate rather
than the adaptive arm of the immune
response (Berg et al., 2003; Kohlmeier
et al., 2010). Though intriguing, the impact
that such stimulation has on infection
control and the mechanistic regulation of
these responses had remained poorly
defined. In this issue of Immunity, Soudja
et al. (2012) explore the signaling path-
ways involved in non-antigen-specific
CD8+ T cell stimulation and show that
this form of activation contributes to path-
ogen control.
To examine the relative contribution
of antigen-independent versus antigen-
specific signals for memory CD8+ T cell
reactivation, Soudja et al. revisited pre-
vious work (Berg et al., 2003). The authors
examined interferon-g (IFN-g) production
and granzyme B (GrB) responses of
memory CD8+ T cells after infection with
wild-type and recombinant Listeria mono-
cytogenes (Lm) strains containing the
model antigen ovalbumin. They found
an equivalent response by ovalbumin-
specific memory CD8+ T cells, regardless
of whether the bacteria expressed the
target antigen or not. Remarkably, this
type of rapid antigen-independent acqui-
sition of effector function also occurred
in response to other pathogens, such
as Streptococcus pneumoniae, Plasmo-
dium berghei, murine cytomegalovirus
(MCMV), and lymphocytic choriomenin-
gitis virus (LCMV). Together with the
demonstration that such antigen-inde-
pendent memory CD8+ T cell activation
contributed to the in vivo control of Lminfections, these findings clearly highlight
the general importance of this type of
innate immune activation. The antigen-
independent stimulation was distinguish-
able from antigen-dependent activation,
because only the latter drove clonal
T cell expansion, which is a key contrib-
utor to the enhanced responsiveness
that defines adaptive immunity. Consis-
tent with the innate character of these
responses, natural killer (NK) cells also
underwent the same form of antigen-
independent activation as observed with
memory CD8+ T cells. Not surprisingly,
naive T cells were unable to acquire
effector function under such conditions.
In order to dissect the mechanisms
governing this innate acquisition of
effector function, the authors exposed
memory CD8+ T cells to different cyto-
kines in vitro. They observed that a combi-
nation of interleukin-12 (IL-12) and IL-18
evoked IFN-g secretion, whereas IL-15,
and to a lesser degree IFN-b, induced
GrB upregulation. This antigen-indepen-
dent IFN-g response required caspase-1
and, by extension, probably inflamma-
some activation (Vladimer et al., 2012).
In contrast, the upregulation of GrB by
memory CD8+ T cells was caspase-1-
independent and instead appeared to
be driven by a pathway involving type I
IFN, IRF-3, and IL-15. Steady-state
conventional CD11c+CD11b+/ dendritic
cells (DCs), inflammatory Ly6C+CD11b+
monocytes, and Ly6G+CD11b+ neutro-
phils were examined as potential sources
of the key cytokines IL-18 and IL-15
driving the innate CD8+ T cell response.
In this respect, Ly6C+CD11b+ inflamma-
tory monocytes were found to be most
potent in evoking in vitro IFN-g secretion
and GrB upregulation. The importance
of inflammatory monocytes for these
responses was further supported by
in vivo experiments using mice express-Immunity 37, Seing the diphtheria toxin receptor under
the control of the CCR2 promoter
(CCR2-DTR), in which administration of
diphtheria toxin depleted these cells.
Monocyte elimination largely abrogated
this nonspecific activation by 24 hr after
infection. Interestingly, the inhibition was
far less impressive 8 hr after infection,
with nearly 50% of the memory CD8+
T cells and NK cells continuing to produce
IFN-g and upregulate GrB despite mono-
cyte ablation. This suggested that cells
other than those of CCR2-dependent,
monocytic origin were important drivers
early in the response.
Overall, Soudja et al. (2012) argue that
the inflammatory mechanisms associated
with infection recruit monocytes from
the bone marrow in a CCR2-dependent
fashion. These cells then differentiate
into inflammatory Ly6C+CD11b+ mono-
cytes that are capable of regulating
memory CD8+ T cell and NK cell effector
function in an IL-18- and IL-15-dependent
manner (Figure 1). The recruitment and
maturation of monocytes into inflamma-
tory Ly6C+CD11b+ cells takes time (Auf-
fray et al., 2009), so the involvement of
other cells soon after infection is not
surprising. Soudja et al. examined splenic
macrophages and DCs as other potential
drivers of the innate CD8+ T cell response,
although their respective contributions to
the earliest activation events were left
unresolved. In this regard, it is interesting
to note that inflammasome-mediated
innate IFN-g responses by memory
CD8+ T cells, which occur with faster
kinetics than those described by Soudja
et al., appear to be entirely driven by
splenic conventional DCs (Kupz et al.,
2012). Thus, DCs and inflammatory
monocytes may play complementary
and potentially overlapping roles in the
regulation of this form of innate memory
CD8+ T cell activation. It could beptember 21, 2012 ª2012 Elsevier Inc. 445
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Figure 1. Innate Activation of Memory CD8+ T Cells and NK Cells by Ly6C+CD11b+
Monocytes during Inflammation
Monocytes are recruited from the bonemarrow to sites of inflammation and/or infection in a CCR2-depen-
dent manner and differentiate into CD11b+Ly6C+ inflammatory monocytes. Through mechanisms that
probably involve the recognition of conservedmicrobial fragments through caspase-1-dependent pattern
recognition receptors and activators of IRF-3, inflammatory monocytes secrete bioactive IL-18 and trans-
present IL-15 tomemory CD8+ T cells and NK cells. Ligation of the IL-18 receptor evokes the production of
IFN-g, and recognition of IL-15 upregulates GrB expression by these lymphocytes. Although this innate
activation of memory CD8+ T cells and NK cells contributes to antibacterial immunity, it remains to be
resolved whether this is mediated solely by IFN-g and/or GrB or whether other molecules are also
involved.
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Previewsenvisaged, for example, that steady-state
DCs sense the very early invasion by
pathogens and provide the first call to
combat readiness to memory CD8+
T cells and NK cells. Upon continuation
of the infection and the development
of an inflammatory environment condu-
cive to the recruitment of inflammatory
Ly6C+CD11b+ monocytes, these latter
cells take over the role of instructing
the antigen-independent acquisition of
effector function.
Despite these insights, questions
remain about various elements involved
in this phenomenon. Given that antigen
experience can shape the size and quality
of the memory T cell pool, the extent to446 Immunity 37, September 21, 2012 ª2012which prior infection affects what would
otherwise be viewed as an innate immune
response remains unclear. More studies
are required to delineate the precise inter-
actions between inflammatory mono-
cytes and the responding lymphocytes.
For example, the fact that IL-15 requires
transpresentation whereas IL-18 retains
its biological activity after being secreted
raises the intriguing possibility that the
proximity between lymphocytes and the
cytokine-secreting and transpresenting
cell also impacts the extent of this
innate activation. If proximity matters, it
will be important to resolve whether
specific chemokines are involved in this
event. Moreover, given the variety ofElsevier Inc.microbes capable of evoking these
responses, recognition of highly con-
served pathogen-associated molecular
patterns through pattern recognition
receptors is probably central to this acti-
vation. Resolving which particular micro-
bial fragments are involved and identifying
the responsible pattern recognition
receptors will not only improve our basic
understanding of immune regulation, but
might also provide novel clues for the
improvement of current vaccination strat-
egies. Taken together, by clearly defining
that some aspects of memory CD8+
T cell reactivation are regulated through
innate immune mechanisms (rapid acqui-
sition of effector function), whereas others
still require classical cognate signals
(proliferation and clonal expansion), the
present study advances our understand-
ing of memory CD8+ T cell reactivation
and provides further evidence for the
close cooperation between innate and
adaptive immune responses.
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